A synthetic human C-peptide analogue has been used as a common standard for the comparison of insulin C-peptide measurements in seven assay systems in six laboratories. Even in terms of this common standard there was statistically significant numerical heterogeneity between laboratories for estimates of the C-peptide content of the same plasma samples. However, the consistency in ranking order of estimates of C-peptide in the plasma samples between laboratories suggests that laboratories are in most cases measuring at least similar immunoreactive constituents and that a reference plasma might prove useful in comparing results between laboratories. Until a more suitable reference material is available, the synthetic analogue, 64 formyllysine C-peptide, in ampoules coded 76/561, will be made available for research purposes.
Research Standard of Synthetic 64-formyllysine C-peptide of Human Proinsulin
The Research Standard comprises a batch of some 450 capillary ampoules coded 76/561 each containing the freeze-dried residue of approximately 10~tg (64-formyllysine) human proinsulin 31-65, 50 ~g human albumin and 0.05 mol/1Na-phosphate buffer, pH 7.4.
Preparation of Ampoules
A quantity of synthetic 64-formyllysine human proinsulin 31-65 (batch no. NY-CY-7-55-2) together with the following information was generously provided by Professor N. Yanaihara:
Elemental Analysis: Calculated On receipt at the National Institute for Biological Standards the bulk material was stored in a sealed bottle as received, at -20 ~ with silica gel desiccant. It was allowed to warm up to room temperature and 6.3 mg dissolved in 6.3 ml sterile 0.05 mol/l Na-phosphate buffer pH 7.4 containing 0.05 ml/ml of a 100 g/1 solution of human albumin (batch no. AK3, Lister Institute, Elstree), free of peptidase [6] . The final solution was centrifuged for 10 min at 1000 g at 4 ~ All manipulations of the material were carried out at 4 ~ The solution was distributed in 10 ~tg (range + 2.1%) portions by weight into 500 siliconized neutral glass capillary ampoules. These portions were shelf frozen, then freeze-dried. After secondary desiccation to constant weight, the ampoules were filled with pure dry nitrogen and sealed by fusion of the glass. Results of tests on a trial fill showed that both the frozen material (no carrier present) and the freeze-dried material ampouled without carrier albumin migrated as a single band on polyacrylamide gel electrophoresis at pH 8.5 somewhat more slowly than insulin. This pattern was not altered after an ampoule of the freeze-dried material had been stored at 45 ~ for 21 days.
Design of the Study, Assay Systems Used and Preparations Examined
The preparations examined in the study are listed in Table 1 . Of these, the identities of only the Research Standard and the International Reference Preparation of human insulin, included to detect any cross-reactivity, were known to the participants. The ampoules coded A were described to the participants as containing approximately 10 ~tg of human insulin C-peptide and 50 ~tg human albumin but the identity with the Research Standard was not disclosed. The ampoules of freeze-dried residue of plasma samples were coded by letter and described to the participants as being variously from patients with insulinoma or diabetes or normal individuals before or after oral glucose. In addition to these preparations each laboratory was asked to include its own local standard ( Table 2) . Participants were requested to use their usual assay procedure except that the Research Standard, the ampoules coded A and the local standard were to be included at as many dilutions as practicable (preferably not less than five) and the plasma preparations at preferably two or more dilutions. Each participant carried out two independent radioimmunoassays using the methods and reagents listed in Table 2 except Laboratory 3 which carried out four assays, two assays with each of two antisera. These assays using different antisera have been treated as separate assay methods. Laboratory 6 also carried out two radioimmunoassays for insulin. Laboratory 2 removed proinsulin-like components prior to assay using a solid phase insulin antibody immunoadsorbent. Laboratory 6 removed proinsulin and insulin prior to assay using sepharose bound antibody, and also extracted insulin antibodies from samples H and R prior to assay.
Statistical Analysis
For each radioimmunoassay, the responses (counts or percent bound) were transformed to logits using asymptotic values for maximum and non-specific binding chosen to give linearity of log dose-logit response lines [7] . The data were then analysed as multiple parallel line assays using weighted linear regression. Analysis of variance, in which allowance is made for the number of dilutions of each preparation included in the assay, was performed for each multiple assay and the assumptions of linearity and parallelism were tested at the 1% significance level. Mean potency estimates were computed using the logarithms of the potency estimates and confidence intervals about the means were based on the variability among the logarithms of the potency estimates which were combined to give the mean.
Results

Log Dose-Logit Response Relationships
The log dose-logit response lines were generally linear except for a few instances of curvature near the ends of an extended response range (counts outside the range 10%-90% of maximum binding corrected for non-specific binding) ( Fig. 1 and 2 ). The responses to the doses examined for the 1st International Reference Preparation of Human Insulin were in all cases greater than 90% of maximum binding and results with this preparation were deleted from further analysis. The slopes of the log dose-logit response lines are given in Table 3 . Examination of the slopes for the Research Standard, the preparation labelled A (identical to the Research Standard), and the local standard of insulin C-peptide supported the conclusion that, except in the assay systems of Laboratories 4, and 3 using Antiserum B, the dose response lines for the Research Standard and the local standard were parallel. Figure 1 illustrates the parallel dose response lines of Assay 2, Laboratory 5. Figure 2 illustrates the non-parallel lines of Assay 2, Laboratory 4. The plasma samples were assayed at three dilutions except in Laboratory 6 and in some cases the responses to one or more dilutions were near the limits of the response range. Thus the estimates of Comparison of the slopes of the standard preparations and the plasmas showed no statisically significant departures from parallelism in Laboratories 1, 5 and 6. Figure 1 shows a plot typical Of these assays. In Laboratory 2 there was a tendency, especially in the second assay, for the dose response lines of the plasma samples to be steeper than those of the Research Standard or the local standard (Table 3 ). In Laboratories 3 and 4 the slopes of the dose response lines for the plasma samples differed from those of the standards but did not follow any consistent pattern. Figure 2 shows a plot typical of these assays.
Variability of Estimates
Estimates of variability based on replication at each dose often underestimate the within-assay variability [8] . The 95% confidence intervals for estimates for A (taken to be 100%) based on variability among replicates at each dose ranged from 91%-110% to 98%-102%, the majority being approximately 96%-105%. The two identical preparations, the Research Standard and A, were included in each assay to permit estimation of within assay variation based on the deviation from 100% of the estimate of A relative to the Research Standard (Table 4) , in addition to the estimates of within-assay variation based on replication of responses at each dose. The 95% confidence interval for an estimate of A based on this estimate of within-assay variability was 83%-120%. Between assay variation was computed for each preparation which was examined in two assays in several laboratories and compared with between laboratory variation. Laboratory 2 has been omitted from these computations, having reported difficulty in dissolving the contents of the vials containing the Research Standard and A in their first asssay which led to different results between the first and second assays. For all comparisons except for estimates of A in terms of the Research Standard there was significantly greater variation among laboratories than between assays within laboratories. 
Comparison of the Research Standard with Various Local Standards
Comparisons of the Research Standard with the various local standards (Table 4) 
Comparison of Estimates of Insulin C-peptide in the Plasma Samples
Estimates of the insulin C-peptide content of the plasma samples have been expressed as pmol of the Research Standard per ml of plasma (Table 5) , with one ampoule of Research Standard assumed to contain 2.5 nmol of C-peptide. Numerical estimates of C-peptide content for each of the plasma samples varied significantly among the seven assay systems. Confidence intervals (p = 0.95) about the geometric mean from all systems of the estimated insulin C-peptide per ml plasma (taken to be 100%) were 67% to 149% for samples X, B, T, M, Z, F and 54% to 187% for sample R (Table 5) . Estimates for sample H were more variable.
Although the numerical values of the estimates varied, the ranking order was remarkably consistent in these seven assay systems. Without exception plasma H (from a patient with long-standing diabetes) was estimated to contain little, if any, insulin C-peptide, and plasma F (proinsulin-rich plasma) was estimated to contain a higher concentration of insulin C-peptide than any of the other plasma samples. Estimates for the three related plasmas, B, M and T, were ranked in the same order for insulin Cpeptide concentration in each system. Plasma samples Z and X were generally consistently ordered second and sixth (exceptions were Z in Laboratory 3 using Antiserum B and X in Laboratory 3 using Antiserum A and in Laboratory 4). Plasma sample R (from a patient aged 45 recovering from ketoacidosis) was least consistently ordered, being one of the smallest estimates in Laboratory 6 and one of the largest in Laboratory 3 with Antiserum A (a 6-fold difference).
Examination of the numerical magnitude of the estimates (Table 5) revealed that for any given plasma sample the smallest estimates tended to come from Laboratory 1 or 4. Laboratories 3 (using Antiserum A), 6 and 5 tended to give intermediate values in that order and the largest estimates tended to come from Laboratory 3 (using Antiserum B) or 2. Thus comparison of the various plasmas with one another gave estimates for one plasma in terms of another which were more homogeneous between laboratories than estimates in terms of the common standard. The confidence interval for the overall geometric mean of ml of B equivalent to 1.0 ml of F, for example, was 88% to 113%. Other comparisons are given in Table 6 .
Estimated Insulin Content of the Plasma Samples
A radioimmunoassay for insulin carried out in Laboratory 6 gave the following estimated concentrations (gU of the 1st International Reference Preparation of Human Insulin per ampoule) of insulin for the plasma samples: F  308  563  48  40  20  8  16 73 Values for samples X, B and M were of the same order as reported estimates for such subjects [9] and values for H, R, Z and F were consistent with the subjects' clinical condition.
Discussion
Estimates of C-peptide concentration in the eight plasma samples examined in this study showed numerical heterogeneity between laboratories in terms of both the Research Standard and the local standards although the variability of estimates in terms of the Research Standard was marginally less. However, the ranking order of the estimates was remarkably consistent between laboratories and use of a related or similar plasma sample as reference preparation led to a striking reduction in variability of estimates between laboratories (Table 6 compared with Table 5 ). Although a common standard is necessary if results from one laboratory, or time, to another are to be validly compared, a common standard alone is not sufficient to give comparable results between assay systems of different specificity [10] . Plasma samples are likely to contain immunoreactive materials other than the hormone of interest. Kuzuya et al [11] using two antisera (one to a mixture of human proinsulin and its intermediate forms and one to a synthetic preparation of human proinsulin 31-65) concluded that circulating C-peptide may be heterogeneous. Heding and Rasmussen [2] have discussed the interference by circulating antibodies to insulin with the measurement of immunoreactive C-peptide and also comment on possible immunoreactive products of C-peptide degradation. The observed differences between estimates in the present study are due at least in part to differences in assay system specificity. Comparison of the estimates of C-peptide concentration in the plasma samples for Laboratories 5 and 6 (Table 5 ), for example, shows good agreement for samples X, M, B and T (from healthy subjects) while samples Z and F (from patients with insulinoma) differ by 30% in the two laboratories and samples H and R (from patients with diabetes) by more than 300%. Comparison of results from Laboratory 3 using antiserum A or B Table 6 . Estimated insulin C-peptide content/ml of plasma samples B, T and R expressed as ml-equivalents of plasma sample M, and per ml of plasma sample B expressed as ml-equivalents of plasma sample X. For comparison with Table 4 the estimated Cpeptide content per ml of plasma sample B has been expressed as pmol of local house standard for each laboratory. Plasma samples M and B were from the same subject fasted overnight and 1.5 h after glucose load respectively and sample T a mixture of equal parts M and B. Plasma sample X was from a pool from four subjects 1.5 h after glucose load. Plasma sample R was from a patient with diabetes recovering from severe ketoacidosis shows a consistent pattern with antiserum A giving estimates about half those obtained with antiserum B. There is a tendency for the relationship between estimates from different laboratories to be consistent suggesting that a reference plasma may be useful [12] . Nevertheless, the observed differences indicate that clinical interpretation of results from insulin C-peptide immunoassays must depend on the characteristics of the specific assay system used. This study suggests that in the assay systems examined, except for that of Laboratory 4, the Research Standard is no less suitable than existing standards, and generally satisfies the minimum requirement of parallelism with the preparations used (so far as this could be determined). Although significantly different from the slope of the local standard for Laboratory 3 using Antiserum B, the slope of the Research Standard agreed with the slopes obtained with the plasma samples. However, until there is greater uniformity in assay specificity it is unlikely that any single reference material will give the same results with all systems, or that anomalous results like those obtained in the present study for plasma sample R will be eliminated. Moreover if this synthetic material is used, assay systems in which it is used should be shown not to discriminate between this analogue and the natural C-peptide. Nevertheless, it is agreed that, until a reference preparation consisting of the natural human C-peptide can be provided, the preparation in ampoules coded 76/561, each containing approximately 2.5 nmol of synthetic 64 formyllysine C-peptide of human proinsulin, will be made available for research purposes. However, it should be noted that this preparation may not generally be suitable as a reference preparation for assay of human C-peptide.
